Abstract. Nasal polyps are abnormal lesions arising mainly from the nasal mucosa and paranasal sinuses. Since the human class II, major histocompatibility complex, transactivator (CIITA) is a positive regulator of class II, major histocompatibility complex gene transcription, the CIITA gene is thought to be involved in the presence of nasal polyps in asthma and aspirin hypersensitive patients. To investigate the association between CIITA and nasal polyposis, 18 single nucleotide polymorphisms (SNPs) were genotyped in 467 asthmatics who were classified into 158 aspirin-exacerbated respiratory disease (AERD) and 309 aspirin-tolerant asthma (ATA) subgroups. Differences in the frequency distribution of CIITA variations between polyp-positive cases and polyp-negative controls were determined using logistic analyses. Initially, a total of 9 CIITA variants were significantly associated with the presence of nasal polyps in the overall asthma, AERD and ATA groups [P=0.001-0.05, odds ratio (OR)=0.53-2.35 in the overall asthma group; P=0.01-0.02, OR=2.45-2.66 in the AERD group; P=0.001-0.05, OR=0.45-2.61 in the ATA group using various modes of genetic inheritance]. One the variations (rs12932187) retained this association after multiple testing corrections (P corr =0.01) in the overall asthma group. In addition, two variations (rs12932187 and rs11074938) were associated with the presence of nasal polyps following multiple testing corrections (P corr =0.02 and 0.04, respectively) in the ATA group. These novel findings suggest that rs12932187 and rs11074938 may constitute susceptibility markers of inflammation of the nasal passages in asthma patients.
Introduction
Nasal polyps are small abnormal lesions or bags that protrude from the nasal cavity, and are characterized by edematous stroma following progression of dense eosinophilia to a thickened basement membrane in epithelium (1) . Although usually harmless, nasal polyposis may cause significant airway obstruction including infection of nose or sinuses, and is known to be associated with bronchial asthma by occurring more frequently in asthma and aspirin-hypersensitive patients (2, 3) . Although the exact mechanism for the origin of nasal polyps remains unknown, allergies, infections, inflammation and genetic factors are considered to contribute to the onset of this condition (4) (5) (6) .
The human class II, major histocompatibility complex, transactivator (CIITA) encodes a major histocompatibility complex (MHC) class II transactivator and is essential for MHC class II molecules (7) . The full length of the human CIITA gene is ~48 kb and is located on chromosome 16p13. The gene contains 20 exons and 4 alternative promoters with tissue-specific transcription (8) . CIITA is often referred to as the master control factor of MHC II molecules due to its regulating activity at the transcriptional level (9) . Since abnormal immune responses and immunodeficiency are associated with lack of expression of MHC II genes, the function of CIITA, which interacts other transcription factors in the MHC II promoter region, is considered to be a master factor in immune response (8, 10, 11) . Wang et al (12) reported that MHC class II antigens were more frequently detected in polyps in atopic and cystic fibrosis patients, suggesting that the MHC class II antigens in airway epithelial cells of nasal polyps are able to be regulated by interferon γ at the transcriptional level.
Polymorphisms in CIITA are reportedly associated with several immune diseases such as multiple sclerosis, Addison's disease, and systemic lupus erythematosus (7, 13, 14) . CIITA and MHC II genes are involved in immune responses. Subsequently, we hypothesized that the CIITA gene is a marker for the development of nasal polyps in asthmatic patients. The aim of this case-control study was to investigate the association between CIITA polymorphisms and the presence of nasal polyps in asthmatic patients.
Materials and methods

Subjects.
A total of 467 asthmatics were recruited from the Soonchunhyang University hospitals in Seoul and Bucheon (Korea), both of which are under the Asthma Genome Research. The participants provided written informed consent, and the study protocols were approved by the Institutional Review Board of the Hospital. Following the guidelines of Global Initiative for Asthma (GINA), asthma was diagnosed as previously described (15) . Twenty-four common inhalant allergens were used in a skin-prick test (Bencard Co. Ltd., Brentford, UK), and atopy was defined as at least a 3-mm wheal reaction to any of the allergens. Furthermore, total immunoglobulin E (IgE) was measured using the CAP system (Pharmacia Diagnostics, Uppsala, Sweden). Asthmatics with endoscopically visible polyps present in the middle nasal meatus were classified as polyp-positive cases, while the remaining individuals were identified as polyp-negative controls.
To distinguish aspirin-exacerbated respiratory disease (AERD) from aspirin-tolerant asthma (ATA) patients, all the asthma patients underwent oral aspirin challenge (OAC) that was performed according to previously described methods (15) . Asthmatics exhibiting ≥20% decrease in forced expiratory volume in 1 sec (FEV 1 ) or a 15-19% decrease in FEV 1 with naso-ocular or cutaneous reactions comprised the AERD group, whereas those demonstrating <15% decrease in FEV 1 without naso-ocular or cutaneous reactions comprised the ATA group. The clinical profile of the patients included in this study is summarized in Table I . Results from the aspirin-provocation test demonstrated significant differences in the mean score of aspirin-induced the reduced rate of FEV 1 between polyp-positive asthma patients and polyp-negative controls (12.22 vs. 6.78%, P<0.0001). Additionally, the positive rate of aspirin intolerance and the history of aspirin hypersensitivity were also found to be significantly prevalent in the two groups (Table I) .
Selection and genotyping of single nucleotide polymorphisms (SNPs).
Eighteen common SNPs with minor allele frequencies (MAF) >0.05 were selected for genotyping in the Asian population (Chinese and Japanese) from the International HapMap database (http://hapmap.ncbi.nlm.nih.gov/index.html.en). Genomic DNA was isolated from the blood of patients using the Wizard ® Genomic DNA Purification kit (Promega, Madison, WI, USA). Genotyping was performed using TaqMan assay on the ABI PRISM ® 7900HT sequence detection system (Applied Biosystems, Foster City, CA, USA). Genotyped data quality was assessed by duplicate DNA checking (n=10; rate of concordance in duplicates >99%).
Statistical analysis. Differences in the genotype distributions of CIITA variations in polyp-positive asthma cases and polyp-negative asthma controls were analyzed using logistic models adjusted for the age of initial diagnosis (continuous value), gender (male, 0; female, 1), smoking status (non-smoker, 0; ex-smoker, 1; smoker, 2) and atopy (absence, 0; presence, 1) to eliminate confounding variables that might influence findings. AERD status was also controlled for the logistic analysis of the overall asthmatic patients. Data were managed on the Statistical Analysis System (SAS) version 9.1 (SAS Institute, Inc., Cary, NC, USA).
Statistical power of single associations was determined using the Power for Genetic Association Analyses (PGA) software (16) , and multiple testing corrections were calculated using the effective number of independent marker loci (Meff) that accounts for the eigenvalue spectral decomposition (SpD) of all the genotypes represented in the correlation matrix (17) that was extracted from the SNPSpD program (Meff value =16.5417).
Results
Characteristics of study subjects. The clinical profile of the included patients showed that the positive rate of aspirin intolerance and of the history of aspirin hypersensitivity were significantly higher in the nasal polyp-positive asthmatic patients compared to the polyp-negative controls. In addition, the reduced rate of FEV 1 decreased by aspirin provocation was 2-fold higher in the nasal polyp-positive patients compared to the polyp-negative controls (P<0.0001, Table I ). These findings indicate that nasal polyposis is associated with aspirin hypersensitivity in asthma.
Distribution of CIITA polymorphisms. A total of 18 SNPs in the CIITA gene were successfully genotyped. Most of the polymorphisms were localized in the non-coding regions of the gene (introns). Notably, 3 SNPs were located in coding regions (exons), and 2 SNPs (rs4774 and rs7201430) were nonsynonymous variations that induced amino acid change by base substitution. Fig. 1A shows the position and MAF of each Table II . Association of significant CIITA variants with nasal polyps in all the asthmatic patients (n=467).
OR (95% CI) Table III. Association of significant CIITA variants with nasal polyps in AERD patients (n=114).
OR (95% CI) SNP. Two linkage disequilibrium (LD) blocks were inferred from the pairwise comparison of the genotype polymorphisms, and 11 major haplotypes (frequency >0.05) were examined for association with the presence of nasal polyps among asthmatic patients (Fig. 1B-D) .
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Associations of CIITA variants with nasal polyposis. Table II shows the results of the logistic analyses of variants in CIITA gene with nasal polyps in all the asthmatic patients. Two SNPs (rs12932187 and rs11074938) and 2 haplotypes (CIITA_BL1_ ht2 and CIITA_BL1_ht5) were demonstrated to be associated with nasal polyps (P=0.001-0.01, OR=0.53-2.35 depending on the genetic model). When multiple testing correction was conducted with a Meff of 16.5417, a SNP (rs12932187) retained the associations with nasal polyps (P corr =0.02). Since nasal polyposis is usually accompanied with aspirin hypersensitivity in asthma, further comparison of this association in AERD and ATA subgroups was performed. As a result, one SNP (rs1139564) was demonstrated to have a nominal association with nasal polyps in the AERD group (P=0.01 in co-dominant model; P=0.02 in dominant model). However, the association was not retained after multiple testing corrections (Table III) .
In further association analysis, 4 CIITA variations (rs12932187, rs6498119, rs11074938 and CIITA_ BL1_ht2) were significantly associated with nasal polyps (P= 0.001-0.05, OR=0.45-2.61 depending on the genetic model; Table IV) in ATA patients. Of these variations, the association of 2 variations (rs12932187 and CIITA_ BL1_ ht2) were retained following multiple testing corrections (P corr =0.02 in rs12932187 and P corr =0.04 in CIITA_BL1_ht2; Table IV ). These findings showed that CIITA polymorphisms were more significantly associated with nasal polyposis in ATA compared to AERD patients.
Discussion
Although small polyps in the nasal may be harmless, the development of nasal polyps could cause breathing difficulties and infections. As a result, it is important to clarify the exact mechanisms underlying nasal polyps pathogenesis. Nasal polyps often occur with asthma and aspirin intolerance. Additionally, since the formation of nasal polyps has been related to various immune responses, cytokines and the MHC system have been considered to be important molecules for the development of nasal polyps (18, 19) . Although the development of nasal polyps has been associated with AERD and ATA, the exact genetic factors in the pathogenesis of nasal polyps have yet to be adequately elucidated.
To investigate causal genetic factor showing associations between genetic effect and the development of nasal polyps, numerous studies have been performed thus far on candidate genes of nasal polyps including interleukins (ILs), TNF-α, NOS2A, IFN, CD14, CCL5, CCL2, GSTT1, GSTM1, MMPs and MHC class II genes (5, (20) (21) (22) (23) (24) (25) (26) . Most studies were conducted in Caucasian population, with the exception of one study investigating Taiwanese and Chinese population (n=75-933 in all subjects; n=75-245 in nasal polyp subjects) (5, (20) (21) (22) (23) (24) (25) (26) . Among the variations in the tested candidate genes, -308 G/A in TNF-α (P=0.02), rs17561 in IL1A (P=0.02), (CCTTT)n in NOS2A (P=0.001), rs3939286 in IL33 (P=0.004), HLA-DR7-DQA1*0201 and HLA-DQB1*0202 haplotype, -174 G/C in IL6 (P=0.03) and rs3918242 in MMP-9 (P=0.02) were significantly associated with the formation of nasal polyps. However, no associations also were identified in CD14, CCL2, CCL5, TNF-β1, deletion in GSTT1 and GSTM1, and MMP-2. Although numerous studies have been performed to identify genetic factors for nasal polyps, these studies were mainly performed on Caucasian and not Asian populations. Moreover, additional association studies on genes in the MHC region, which is considered an important immunologic factor for the formation of nasal polyps, are needed. CIITA, which is located on chromosome 16p13 and distinguished from the MHC cluster (27) , plays an important role in the physiological regulation of the expression of MHC class II genes. The mutational alteration of CIITA is able to cause a complete lack of MHC class II expression in all tissues (28) . Furthermore, CIITA SNPs have been reported to be associated with immune diseases such as multiple sclerosis (7) and persistent hepatitis B virus (HBV) infection (29) .
We investigated 18 polymorphisms in the CIITA gene and carried out a case-control association analysis based on three genetic models of inheritance in asthmatic patients, classified into AERD and ATA groups. The results demonstrated that a total of four SNPs were significantly associated with the presence of nasal polyps in the overall asthmatic, AERD and ATA groups. The results indicate that the genetic effect of CIITA variations is likely to contribute to the formation of nasal polyps in asthmatic patients. Furthermore, two variations (rs12932187 and CIITA_BL1_ht2) were shown to be associated with nasal polyps in ATA (P corr =0.02-0.04; Table IV ) compared to AERD patients (P>0.05 for the variations). By contrast, the association signals of rs1139564 were higher in the AERD (P=0.01) compared to the ATA group. These findings indicate that the four CIITA SNPs are potential markers of genetic susceptibility to nasal polyposis between AERD and ATA groups.
Results of the present study have shown nominal correlation between nasal polyposis and aspirin hypersensitivity in asthma (Tables II and IV) . Although this suggests that CIITA potentially contributes to the development of nasal polyps in AERD patients, the modest signal may also suggest a putative relationship. Factors such as the decrease of the sample size in the AERD group might influence the findings. Therefore, additional large-scale studies as well as functional evaluations that provide useful information for the pathogenesis of nasal polyp development, are needed.
The association between CIITA variations and nasal polyposis in asthmatic patients was investigated. To the best of our knowledge, this study is the first to investigate the association between CIITA variations and nasal polyposis in allergic and non-allergic asthmatic patients. It was found that rs12932187 and rs11074938 may be susceptibility markers of inflammation of the nasal passages. However, the average statistical power to detect the effect sizes of the significantly associated SNPs was 67.89%, suggesting an insufficient sample size. Therefore, further studies comparing patients with healthy subjects are needed to confirm the conclusions of the present study.
